In mice the oral LD50 values of aluminium chloride and aluminium sulphate were 0-77 ± o0I2 and o098 ± o0og g. Al/kg. (± S.E.) respectively.
Modem applied research into possible applications of aluminium has resulted in the introduction of many inorganic and organic compounds of the most diverse and common use. There is, however, no general consensus of opinion on the toxicity of aluminium salts. On the one hand it has been stated: 'aluminium compounds are harmless when ingested, even when the administration is continued over long periods' (Quarterly Bulletin of the Association of Food and Drug Officials of the United States, I955); on the other hand, there is evidence that various toxic effects are induced in experimental animals by the administration of large amounts of aluminium compounds (Seibert and Wells, I929; Stenberg and Naumova, I952; Vojnar, 1953; Hara, Seki, Usui, Nakakawaji, and Mori, 1959a) .
The original conclusion that aluminium given by mouth was wholly excreted has been proved to be wrong. More recent papers agree that various aluminium compounds given in large doses are partly absorbed and transported into the tissues (Perry, Tipton, Schroeder, and Cook, I962; Kortus, Dibak, and Kotuliak, I963) . The toxicity of aluminium salts in the diet has been studied only at very high doses. Not even with doses as large as 2,000 parts Al per million have pathological changes in individual organs been observed. The only effect is growth retardation (Hara et al., I959b) . Similar results have been obtained by Vozar (I959).
Aluminium in the diet has been shown to interact with phosphate in the alimentary tract and to affect its metabolism (Ivy and Gray, I939; Jones, I942) .
The aims of this work were to study the effects of moderately low doses of aluminium on the growth of animals in succeeding generations, and to compare the effects of chronic low and acute high doses of aluminium on the retention and fate of aluminium and on the retention and fate of phosphorus with special reference to phosphorus compounds of fundamental metabolic importance.
Materials and Methods Animals Rats were of the Wistar strain, weighing I50 to 250 g. Mice were of the 'Dobra Voda' strain from the Slovakian Academy of Science, Dobra' Voda, average weight 200 g. Male animals were used for all but experiments on succeeding generations, in which a male/female ratio of 0o4 was maintained. Animals were fed on the Larsen diet (Fabry, I955 Chronic Toxicity Studies The aluminium salt was given in the drinking water or admixed in the diet. Weights of animals and daily food and water intake were checked at intervals.
Balance Studies Animals were kept in metabolic cages allowing separate collection of urine and faeces for 24 hrs. during which no food was given. They were then decapitated. Aluminium in the urine, faeces, and tissues was estimated by Nikitina's (I956) procedure, and phosphorus by Travina's (I955) method.
In tracer studies rats were given by mouth Na2H32PO4 (io mg. /ml. in o 9% NaCl) obtained from the Institute of Nuclear Research, Pez, Czechoslovakia at the beginning of the period. 32P was either estimated after digestion of the tissues with perchloric acid or in tissue fractions: acid soluble; phospholipid; ribonucleic and deoxyribonucleic acids. These were separated as described by Davidson, Frazer, and Hutchison (1951) .
32P estimations were carried out by end-window counting on aluminium discs using a Geiger-Muller tube.
Adenosine mono-, di-, and tri-phosphates in the blood serum of rats were estimated by Boehringer's enzymic methods (Bucher, 1953 The weanlings were treated from 4 weeks of age like their parents. At the end of the experiment the animals were killed by decapitation, the blood was examined for changes in the red cell count, and the liver, spleen, and kidneys were examined histologically.
There were no significant differences in the numbers of litters or off-spring between the treated and control mice. Growth was retarded and was dependent on the intake of aluminium, but the effect did not appear in the first generation or in the first litter. The subsequent litters manifested a very marked growth retardation, as did those of the third generation (Fig. I ). An analysis of variance (Weber, I964) established that, under the conditions of our experiment, weight variations could be accounted for by aluminium uptake (p < o-ooi). The differences in the course of weight plots for successive generations and litters were also statistically Significant (p < ooi).
The erythrocyte counts and haemoglobin levels in the first and last generations did not differ significantly from those in the controls; and no pathological changes could be found in the tissues examined. (Table I) .
Intake and faecal excretion of aluminium were sig- The aluminium balance was also stuc rats kept for eight days on the diet conta i8o p.p.m. Al and then given a diet 2,835 p.p.m. Al (as sulphate) for a fi days. The increased dose rate of alumi a reduction in food intake from 20 to I and a reduction in average body weight. excretion was increased significantly in and urine (p < oooi) when the high given (Fig. 2) . About 70% of the dose N in the faeces. Retention was increase Increased retention in several tissi higher dose was also demonstrated in tv eight rats each by analysis of the tissues given orally I5 minutes after the aluminium salt.
P > o.os
The experimental and control groups were each of P < O-OI eight rats. The distribution of radioactivity in the P < 0o00i urine, faeces, blood, and various tissues was T r-fresh measured. The results are summarized in Table IV . phosphates, and a decrease of adenosine triphosphate. The effects of acute intoxication were more pronounced and are statistically significant.
Discussion
In the introduction to this paper the conflict of opinions regarding the toxicity of aluminium compounds was emphasized. Our own studies resulted in our classifying aluminium chloride and sulphate as compounds of low acute toxicity. This conclusion was based on oral LD50 values. The intravenous toxicity of aluminium salts is much higher (Hara et al., 1959a) (Kehoe, Cholak, and Storey, 194oa, I94ob; Heupke, I950; Campbell, Cass, Cholak, and Kehoe, 1957; Perry et Even when the effects on the absorption of phosphorus were eliminated, by intraperitoneal injection, it was found that feeding high doses of aluminium salts influenced the metabolism of phosphorus. Both chronic and acute dosing led to a decreased incorporation of 32p into the phospholipid fraction and into the ribonucleic and deoxyribonucleic acids in several tissues. The controlling factor was not the supply of 32p to the tissues, as the specific activity of the acid-soluble phosphate fraction was in no case significantly decreased. As the incorporation of phosphate into phospholipids and nucleic acids is determined by the activity of the phosphorylation mechanisms, the results obtained suggest the impairment of this activity by aluminium salts. An important component of the phosphorylation process is adenosine triphosphate; accordingly, we demonstrated a decrease in the adenosine triphosphate levels in the blood serum of rats, and increases in adenosine mono-and di-phosphates, in both chronic and acute intoxication. The significant decrease in the ATP/ADP ratio suggests that the equilibrium of the system: ATP = ADP + inorganic P = AMP + inorganic P is shifted to the right. We do not know the actual mechanism operating. It may be connected with the decrease in inorganic phosphate in the blood of poisoned animals. Recently such a decrease has been shown by Pragay (I962) in chicken intoxicated by aluminium hydroxide. Our results on 32p incorporation were not influenced by a lowered food intake since the rats of all groups gained weight at very similar rates.
Our results therefore demonstrate that the metabolism of phosphorus compounds is profoundly disturbed by the intake of aluminium salts. Not only is the absorption of phosphorus affected, but so are the phosphorylation mechanisms in the tissues.
